Introduction
Hysteroscopy is a minimally invasive approach for observing the uterine cavity for a variety of gynecological problems, and has become a valuable diagnostic and therapeutic procedure.
1,2 Also, hysteroscopy is potentially useful for female sterilization and offers promise as an investigative tool for studying the intratubal milieu. 3 However, many patients undergoing the procedure are at risk for cervical dilatation complications, such as cervical laceration, uterine perforation, and creation of false passages. 4 Fortunately, the incidence of these complications may be reduced if the cervix is ripened beforehand.
Misoprostol, a prostaglandin E1 analog, which was initially used for the treatment of peptic ulcers, has been widely applied in obstetrics and gynecology because of its ripening effect on cervix during the induction of abortion or labor. 5, 6 The primary advantages of the drug include its thermostability, low cost, and the ease of administration. 7 Moreover, misoprostol is available in many formulations: tablets or gelcaps, at doses of 200, 400, 800, and 1,000 μg, and can be administered by mouth or sublingually, as well as via the rectal or vaginal route. [8] [9] [10] Because of its effect on cervical ripening in pregnant females, misoprostol has also been used for cervical priming prior to hysteroscopy by surgeons. While numerous studies indicated the efficacy of misoprostol for achieving cervical dilatation in patients undergoing hysteroscopy, [10] [11] [12] [13] [14] [15] some reports concluded that the use of misoprostol before hysteroscopy did not facilitate cervical dilatation. 8, 9, [16] [17] [18] The discrepancy may be due to small sample sizes, differences in the route of administration of misoprostol, the types of submit your manuscript | www.dovepress.com
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hua et al hysteroscopy (operative or diagnostic hysteroscopy), and/or different populations under study.
To more systematically evaluate the efficacy and safety of misoprostol for cervical priming prior to hysteroscopy, we conducted a meta-analysis on randomized controlled trials (RCTs) comparing misoprostol versus placebo or no medication before diagnostic or operative hysteroscopy in females receiving hysteroscopy. In addition, we hope that such analyses would help in determining the optimal dose and route of administration for the application of misoprostol in hysteroscopy.
Methods search strategy
We searched (published up to July 2014) the three most popular databases -MEDLINE (via PubMed), EMBASE (via embase.com), and Cochrane -for articles in any language. The search strategy used the terms "hysteroscopy" AND "misoprostol". In addition, the references of the relevant articles and previous systematic reviews were checked to identify potentially eligible trials.
selection criteria
We included RCTs for cervical priming using misoprostol prior to diagnostic or operative hysteroscopy in females regardless of age, parity, or other characteristics. The intervention in the trials was the use of misoprostol compared with placebo or no medication before hysteroscopy. No restriction was placed on dose, route, or timing of misoprostol administration. We excluded studies without a placebo or no medication group, as well as those comparing misoprostol to another method (laminaria tents or dinoprostone). Nonrandomized trials such as case-control studies were also excluded.
Data extraction and quality assessment
Two reviewers, YH and WWZ, independently extracted the data that were retrieved from the search. The results were then compared and disagreements were resolved by discussion. If the two primary reviews could not reach a consensus the third reviewer (XLH) was be consulted. Information of the authorship, publication year, patient demographics, type of intervention, and outcomes were extracted. To assess the validity of the included trials, two investigators (YH and WWZ) independently examined the study quality using the Cochrane Handbook for Systematic Reviews of Interventions with respect to the generation of random sequences, allocation concealment, blinding, incomplete outcome data, and selective reporting. 19 The risk of publication bias was assessed using funnel plots.
Outcomes
The outcomes of interest for this article included the following variables: number of females who required cervical dilatation, cervical width at the start of hysteroscopy, hysteroscopy complications such as cervical tears and uterine perforation, and the incidence of misoprostol side effects such as abdominal pain, nausea, diarrhea, genital bleeding, and fever.
Data synthesis
Statistical analyses were performed with the use of Review Manager (RevMan), Version 5.1 (The Nordic Cochrane Centre, the Cochrane Collaboration, Copenhagen, Denmark). To calculate the risk ratio (RR) for dichotomous data and the mean differences (MD) for continuous data with 95% confidence intervals (CIs), the fixed effects model was used. Statistical significance was set at a P-value of ,0.05. We evaluated statistical heterogeneity by employing P-values, chi-square, and I 2 tests. 20 If significant heterogeneity was found (P#0.10, I 2 .50%), a random effects model was applied to limit the effects of heterogeneity. A subgroup analysis was also performed to reveal the possible reasons for the heterogeneity.
Results
Description of studies
A total of 2,203 females requiring hysteroscopy from 25 RCTs were included in this meta-analysis. A flow diagram for the literature search is presented in Figure 1A .
We identified 25 randomized studies comparing misoprostol versus placebo or no medication prior to hysteroscopy. Table 1 summarizes the characteristics of these studies, which include seven studies of operative hysteroscopy, [8] [9] [10] 13, 14, 21, 22 13 studies of diagnostic hysteroscopy, [16] [17] [18] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] and five studies on both diagnostic and operative hysteroscopy. 11, 12, 15, 33, 34 Additionally, the route of misoprostol administration was oral (four studies), vaginal (18 studies), sublingual (four studies), or rectal (one study). Table 1 shows that the dose of misoprostol administration prior to hysteroscopy differed considerably among the available trials and the outcomes.
Quality of trials and assessment of publication bias
Two investigators independently assessed the risk of bias of the eligible trials by using the Cochrane Handbook for Systematic Reviews of Interventions, 19 and a consensus was reached after discussion. As demonstrated in Figure 1B 
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Use of misoprostol for cervical priming prior to hysteroscopy most of the included trials had properly randomized their participants and 60% had adequate randomization allocations. With regard to performance bias, 60% had adequate blinding. All papers were judged to be free of attrition and reporting biases.
As shown in Figure 1C , the funnel plots appeared to be symmetrical, which indicated that there was no obvious publication bias.
Outcomes need for cervical dilatation
Data on the need for cervical dilatation before hysteroscopy were reported in ten studies that included a total of 930 females. Due to the high statistical heterogeneity, results were pooled using the random effects model. Compared with placebo or no medication, misoprostol administration prior to hysteroscopy reduced the need for cervical dilatation to a statistically significant degree (RR 0.75; 95% CI 0.58-0.96; I 2 =75% Figure 2A ). By subgroup analysis, when only operative hysteroscopy was examined, the need for cervical dilatation in the misoprostol group was significantly decreased compared to the placebo or no medication groups (RR 0.79; 95% CI 0.69-0.91 Figure 3A ), while the need for cervical dilatation was not significantly decreased before diagnostic hysteroscopy (RR 0.97; 95% CI 0.80-1.17; I 2 =32% Figure 3B ). The need for cervical dilatation after vaginal misoprostol administration was significantly decreased compared to placebo or no medication (RR 0.68; 95% CI 0.51-0.92; I 2 =76% Figure 2B ), while after sublingual (RR 0.81; 95% CI 0.22-3.00; I 2 =84% Figure 4A ) and oral (RR 0.90; 95% CI 0.59-1.38; Figure 4B ) misoprostol administration, the need for cervical dilatation was not significantly decreased.
cervical width
Fourteen trials provided data on the MD in the cervical width before the hysteroscopy. Patients receiving misoprostol appeared to have a significantly greater cervical width compared with placebo or no medication (MD 1.34 mm; 95% CI 0.55-2.14; I 2 =98% Figure 5A ). The cervical width after vaginal misoprostol administration was significantly greater than that in the placebo or no medication group (MD 1.64 mm; 95% CI 0.93-2. Figure 8A ) or the 1,000 μg subgroup (MD 0.60 mm; 95% CI −0.73 to 1.94; I 2 =76% Figure 8B ).
complication of hysteroscopy
There was no significant difference between the misoprostol group and the placebo or no medication group when assessing the uterine perforation rate. However, the analysis of 14 trials, including 1,358 females, showed that the use of misoprostol prior to hysteroscopy resulted in a statistically significant decrease in the rate of cervical lacerations compared to placebo or no medication. When analyzing false passage, the risk was also significantly lower in the misoprostol group. All effect estimates for the above hysteroscopy complications with 95% CIs and P-values are shown in Table 2 .
In addition, compared with placebo or no medication, hysteroscopy complications (cervical lacerations and false passage) after vaginal misoprostol (RR 0.36; 95% CI, 0.19-0.66; ten trials, 848 patients in Figure 9A ; RR 0.37; 95% CI, 0.16-0.88; six trials, 520 patients in Figure 10A ) administration were significantly decreased, but not after sublingual and oral (RR 0.48; 95% CI, 0.22-1.03; four trials, 381 patients in Figure 9B ; RR 0.2; 95% CI, 0.02-1.66; one trial, 54 patients in Figure 10B ) misoprostol administration.
side effects of misoprostol
The pooled analysis ruled out that misoprostol side effects such as mild abdominal pain, bleeding, nausea, diarrhea, and fever were significantly more frequent in the misoprostol group compared with placebo or no medication. These side effects were generally minor, transient, and tolerable without the need for further treatment. All the patients were discharged on the day of the procedure. 
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Use of misoprostol for cervical priming prior to hysteroscopy All effect estimates for misoprostol side effects with 95% CIs and P-values are shown in Table 2 .
Discussion
This meta-analysis indicates that misoprostol prior to hysteroscopy may facilitate cervical dilatation. Misoprostol, when given vaginally, was more effective when compared with oral and sublingual administration. The mean cervical width was significantly larger in the misoprostol group. In addition, hysteroscopy complications such as cervical laceration and false passage were significantly less frequent in the misoprostol group with the exception of uterine perforation. The main outcome such as cervical width has a high degree of heterogeneity (I 2 =98% Figure 5A ) that could not be explained by either subgroup analysis or sensitivity analysis because of clinical diversity, including different populations under study, different regimens, doses, time intervals, and administration routes of misoprostol. However, when only patients pretreated with misoprostol vaginally were examined, the cervical width was significantly larger in the misoprostol group. Furthermore, the subgroup analysis indicated that the lower doses of 200 or 400 μg vaginal misoprostol produced a more beneficial effect in the outcome of cervical width than the higher doses. Therefore, this statistical heterogeneity is mainly attributed to the different degree of beneficial effect of misoprostol on the final outcome, rather than the lack of effect of misoprostol in several of the trials.
Because the type of hysteroscopy is closely associated with the diameter of cervical dilatation, we conducted a subgroup analysis based on the type of hysteroscopy. When only diagnostic hysteroscopy was examined, there appeared to a lower need for cervical dilation, but this did not reach statistical significance. However, it appeared that females receiving misoprostol prior to operative hysteroscopy were more likely to avoid the need for cervical dilation. 
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Use of misoprostol for cervical priming prior to hysteroscopy Thus, misoprostol appears to be more beneficial for operative hysteroscopy. The route of misoprostol administration for cervical dilatation can be oral, vaginal, or sublingual. Among the three routes, vaginal administration has higher bioavailability, 35 less severe gastrointestinal side effects, and longer sustained effect. 36 Batukan et al found that vaginal administration was more effective than the oral route for preoperative cervical ripening, 37 while other studies found no difference between the two routes, 38 or among the three routes. 39 In the present study, compared with the placebo or no medication group, the need for cervical dilatation, the mean cervical width, and hysteroscopy complications (cervical laceration and false passage) after vaginal misoprostol administration reached statistical significance, but they did not after sublingual and oral misoprostol administration. Therefore, the vaginal route appeared to be superior to the oral or sublingual routes.
To determine the optimal doses of vaginal misoprostol administration, we performed another subgroup analysis. Compared with the placebo or no medication group, the mean cervical width after vaginal misoprostol administration was significantly greater in the 200 and 400 μg subgroups, while in the 800 and 1,000 μg subgroups, the mean cervical width was not significantly different. Therefore, 200 or 400 μg of vaginal misoprostol prior to hysteroscopy is the optimal regimen.
It should be pointed out that all the misoprostol side effects such as diarrhea, fever, nausea, mild abdominal pain, and bleeding are significantly increased after the use of misoprostol. However, these side effects are generally minor, transient, and well tolerated by patients. Misoprostol side effects are related to dosage, interval, and route of administration. Increasing the dose and interval of vaginal misoprostol does not improve the effect on cervical dilatation but does increase the side effects. 28 In addition, misoprostol, when administered vaginally, has fewer side effects compared with oral or sublingual administration. 15, 38, 40 Compared with the meta-analysis by Polyzos et al 41 and Gkrozou et al 42 studies that included more RCT studies. They had different emphasis such as menopausal status. Polyzos et al concluded that misoprostol may have a role as a cervical-ripening agent prior to hysteroscopy, and the efficacy of misoprostol is related to the menopausal status of patients. 41 Whereas our meta-analysis shows that the efficacy of misoprostol is related to the type of hysteroscopy and route of administration. Although Gkrozou et al concluded that neither the need for cervical dilatation nor the complication of hysteroscopy was different between the misoprostol group and the placebo group. 42 Our meta-analysis shows that females may experience substantial benefits after pretreatment with misoprostol, especially prior to operative hysteroscopy and vaginal administration.
However, it is a fact that, although there have been 25 RCTs published to date, the heterogeneity among the regimens, doses, time intervals, and route of administration makes analysis of the data very difficult. Ultimately, it prevented us from providing a solid guideline regarding the optimal schedule of misoprostol administration, especially in patients who differ in terms of parity (nulliparous or parous), means of delivery (vaginal delivery or cesarean section), and estrogen status (pre-or postmenopausal period). Future RCTs covering more study subjects from carefully selected populations and a uniform administration route and dosage schedule of misoprostol should be performed to identify the ideal conditions for the use of misoprostol prior to hysteroscopy.
Conclusion
The use of misoprostol prior to hysteroscopy may facilitate cervical dilatation and decrease hysteroscopy complications (cervical laceration and false passage). On the other hand, the side effects of misoprostol were relatively mild and insignificant. Our meta-analysis recommends for obstetricians and therapists that the regimen of 200 or 400 μg vaginal misoprostol may be optimal, especially prior to operative hysteroscopy. 
